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Simulation of progeny genotypes and phenotypes 

Doubled haploid (DH) progeny genotypes were simulated considering meiosis events without 

crossover interference. The number of chiasmata was drawn from a Poisson distribution with 𝜆 equal 

to the chromosome length in Morgan, and crossover positions were determined using the 

recombination frequency obtained using the Haldane mapping function (Haldane 1919). 

For phenotyping, we considered environmental effects sampled from a normal distribution of mean 

zero and variance 25 and did not consider genotype by environment interactions. Each generation 

was evaluated in 𝑁𝑙𝑜𝑐 = 4 locations in one year, i.e. four environments. Environmental errors were 

sampled from a normal distribution with mean zero and an error variance 𝜎𝜖
2 defined by the initial 

repeatability in the founder population 𝑟 =
𝜎𝐺

2

𝜎𝐺
2+𝜎𝜖

2 = 0.40. This led to a heritability in the founder 

population of ℎ2 =
𝜎𝐺

2

𝜎𝐺
2+𝜎𝜖

2/𝑁𝑙𝑜𝑐
= 0.73 and ℎ2 = 0.42 at the end of burn-in in commercial breeding 

scenarios. 

Genomewide prediction model 

The genomic estimated breeding values of progeny (GEBV, 𝑢̂) were estimated in Model 1 S1 fitted 

using mixed model software blup-f 90 (Misztal 2008) with AI-REML variance component estimates: 

𝒀 = 𝟏𝜇 + 𝑬𝜷𝑬𝒏𝒗 + 𝑾𝒖 + 𝝐, (Model 1 S1) 

where 𝒀 is the vector of phenotypic values, 𝜇 is the intercept, 𝑬 is the incidence matrix for 

environmental effects, 𝜷𝑬𝒏𝒗 is the vector of environmental fixed effects, 𝑾 is the incidence matrix of 

individual breeding value random effects 𝒖, 𝒖 ∼ 𝑁(𝟎, 𝜎𝐺
2𝑮) is the vector of breeding value random 

effects with 𝑮 the genomic relationship matrix and 𝝐 is the vector of independent residual random 

terms 𝝐 ∼ 𝑁(𝟎, 𝜎𝜖
2𝑰). 𝑮 was estimated using the 2,000 non causal loci: 

𝑮 =
𝒁𝒁′

𝑡𝑟(𝒁𝒁′)/𝑛
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where 𝒁 contains the centered allele counts, with elements computed as 𝑥𝑖𝑗 + 1 –  2𝑝𝑗, where the 

element 𝑥𝑖𝑗 ∈ {−1,1} is the genotype for individual 𝑖 at non causal locus 𝑗 and 𝑝𝑗  is the frequency of 

the allele for which the homozygous genotype is coded 1 at non causal locus 𝑗. 𝑡𝑟(𝒁𝒁′) is the trace of 

𝒁𝒁′ and 𝑡𝑟(𝒁𝒁′)/𝑛 forces the diagonal of 𝑮 to be 1 on average (Legarra et al. 2009; Forni et al. 2011). 

Estimated marker effects 𝜷̂ were obtained by back-solving: 𝜷̂ = 𝒁′(𝒁𝒁′)−𝟏𝒖̂ (Wang et al. 2012). The 

prediction accuracy was defined as 𝑐𝑜𝑟(𝒖, 𝒖̂) with 𝒖 and 𝒖̂ the vectors of true breeding values and 

genomic estimated breeding values, respectively. 
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